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Abstract
An outdoor earth science museum exhibit was designed for the Exploration Station in
Grover Beach, California, and will use the harvesting methods of fog as a clean water resource
to educate children. The design of the exhibit has two parts: a 1 m x 1 m static Standard Fog
collector for long term fog collection which rises 2 m off the ground, and a mobile six-panel
display consisting of six different materials and structures of meshes, all of which could
potentially be used in a large scale fog collection setting. The six-panel portion will present the
children with a hands-on method of applying “fog” to different meshes and quantify the efficiency
of each by measuring the amount of water collected in a trough while using qualitative
observations of the collection process. The meshes were chosen during the design process
using observational differences in attachment on the surface of the mesh (including droplet size
and surface area), the rundown rate, and the final collection. The material types (polymers and
steel) were tested with varying sizes of square, diamond and Raschel mesh. Qualitative results
for the condensation of the water droplets for square steel and polyvinylchloride mesh showed a
small diameter droplet size and high surface tension. The polypropylene Raschel mesh had
larger drop size but the water did not bead, implying a lower surface tension. The differences in
collection will allow children to see how small changes in design (i.e. material selection and
mesh design) can yield large changes in outcome.

Keywords: Exploration Station, Grover Beach, constructivist,
informal learning, fog, fog net, Raschel, museum exhibit
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1. Introduction
A small interactive science center is looking to upgrade their outdoor front patio into an
exhibit area. The area will connect the outside area with the rest of the facility. Because of the
outdoor nature of the exhibit it was only fitting to the center that the exhibit be based around
earth science. With earth science as the only constraint in choosing the topic, the more exact
subject of fog was chosen. This was a natural choice due to the high levels of fog the area
experiences throughout the year.1 Using a topic the people of that area are already aware of
allows the user to be more engrossed in the educational aspect of the exhibit, leaving the door
open for further learning. The final goal of the exhibit will be to educate the user on a concept
though context of something they have already have experienced.

1.1. Stakeholders
The stakeholders are those who are involved with the success or failure of the project. In
the case of the exhibit there are a number of people who will be affected. All the users of the
final exhibit including the children, families, and the staff at the museum have some stake in the
project. Cal Poly is also affected due to the relationship the school has with the museum. The
Exploration Station provides a facility to perform a number of projects in different departments at
Cal Poly, and a good relationship is important to continue the partnership.
The Exploration Station is nonprofit public science center in Grover Beach (Figure 1).
Grover Beach is a coastal town in central California.

Figure 1: A view of the front of the Exploration Station in Grover Beach

The center encourages the interest in science, technology, engineering and
mathematics (STEM) in children of any age. Their mission statement is as follows:
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The Exploration Station: Connecting our community through
science and technology, inspiring people of all ages to enjoy and
embrace science in order to better understand our world.2

Without the assistance of volunteers and outside organizations the Exploration Station
would not be as successful as it is. Their connection to the community is what keeps the doors
open and the exhibits functional.

1.2. Realistic Constraints
The converted fire station, which has been ever changing since its inception, has
blossomed into a successful community partner and thrives in connecting people to the STEM
field. For their new outdoor area they have many needs that are addressed in the design of the
new exhibit.
The design must be mobile so if the staff needs to they can readjust the orientation of
the outdoor space. Also, the ability to bring the exhibit in at night would prevent theft and
vandalism. The exhibit must be professional looking, but not so much so that members of
society are afraid to touch it. The exhibit should benefit society by introducing them to the STEM
field. The user experience with the exhibit is social. In regards to children touching the exhibit, it
must be durable enough to handle daily use and rough treatment. Lastly, manufacturability is
important. The Exploration Station is a non-profit organization, this indicates that the parts to
build or repair the exhibit must be inexpensive and easy to obtain.

2. Background

A memorable museum experience can have an influence on a child that may remain
deep into adulthood. The forethought and design that goes into a proper exhibit has many
stages it must first pass in order to be fit for use in an education setting. Important factors are
present and must be addressed during design. The way children learn, and how educators are
able to teach (or facilitate learning) goes further than lecturing. The location of a museum and
staff within change the “feel” of a learning center and must be addressed to create an exhibit
that complements the environment. The subject of the exhibit and the background knowledge
about the topic must be extensive and fully understood in order to share that knowledge base
with others.
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2.1. Children’s Exhibit
In a young child’s life, most of their time has been dedicated to learning. Visiting a
museum, learning how to tie shoes and sitting in school are all forms of learning styles children
often come across. Teaching methods to facilitate learning are often split up into two, distinctive
groups: formal instructivist and informal constructivist.3

2.1.1. Formal Learning
The formal, instructivist, teaching method treats children as an empty vessel, meant to
be filled with information. The educator is thought to have full control of the learning process and
knowledge is considered independent from the learner. A classic classroom setting often
embraces this style of learning though a lecture format. The learners are given a piece of
information, then evaluated on how much of that information they can retain.3

2.1.2. Informal Learning
Informal learning has a constructivist viewpoint that in centered on “out of the classroom
learning.” The main idea is that we, as humans, construct our own understanding of a subject
based on asking questions, exploring and assessing the knowledge we already possess. There
are two forms of constructive learning: cognitive and social.
The cognitive constructivist approach focuses on independent learning and self-directed
experimentation.3 Educators are available as a guide to structure the environment to maximize
the learning potential. In this self-reliant system the child is the scientist and because of their
natural motivation to understand the world around them they will engross themselves and
attempt fully understanding the subject as an individual.
Social constructivist theory follows the idea that learners construct knowledge of the
subject though interacting with others.3 Instead of internal understanding, interactions with allow
for a deeper understanding that one could not get alone.
In the design of an interactive informal learning devise, such as a museum exhibit,
inclusiveness is a top priority.4 An inclusive experience is when users with vastly different
backgrounds can grasp the main message and be entertained while doing it. Inclusiveness is
the essence of “Universal Design.” Exhibits and experiments encompassing universal design
stray away from the “separate but equal” approach, which signifies that those who are “less
able” cannot do the something those who are “able” can do.4 Inclusiveness encourages those
who are “less able” to become able to complete a task.
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2.2. Fog and Fog Nets
Fog is a colloidal system which consists of tiny water droplets ranging from 10 to 15
microns suspended in air.5 Fog and mist are identical except for their visibility. If visibility falls
under one kilometer the system is fog, over one kilometer it is mist.6 The visibility is affected by
the density of water droplets, as opposed to changes in droplet size.7 Each Droplet contains
about 0.05 to 0.5 grams of water.8 Fog nets have the ability to harvest the small water droplets
to use as a clean water resource in places with low rainfall. The nets in use are made of a
double layer of 35% shade polypropylene in a Raschel mesh structure.8 Raschel is a specific
weave of various polymer materials often used in produce bags (Figure 2), it is inexpensive and
produced in high quantities. 35% shade is referring to the surface area ratio of open area to
covered parts of the mesh.

Figure 2: Example of the a double lay of 35% shade Raschel mesh

Though Rachel patterned polypropylene is the most popular in industry, fog catching
systems can be made out of a number of different structures and materials, essentially any
mesh can act as a fog net. There are, however, efficiency differences between different
materials and structures depending on the mesh you choose.
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2.2.1. Industry Use of Fog Nets
Fog nets have been used for a number of years as a resource for clean water in arid
nations. It is not uncommon for impoverished people in difficult to reach places to spend a large
percentage of their earnings on trucked in water from other areas.
Organizations like the not for profit FogQuest help communities set up the simple fog net
system.9 Useable fog net systems are 40 meters squared and can collected and average of 200
liters of usable water a day (Figure 3). Depending on the day the water collection ranges from
nothing to 1000 liters, these systems cost from 1000 to 1500 dollars. The final cost of the
system depends of how much labor is volunteered. For a complete system for a village that
needs about 2000 liters a day, a system can be built for about 15000 dollars.9

Figure 3: FogQuest fog nets currently in use in Peru

Not every arid nation produces enough fog for the fog nets to be successful. Preliminary
testing with a smaller, test fog nets must take place. A standard fog collector (SFC) is used to
test the fog collection ability of a particular area (Figure 4).10 It consists of a meter square of the
same polypropylene mesh that is used in the larger fog nets.
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Figure 4: Standard fog collector in a proposed site in Peru

2.2.2. How fog nets work
Three main functions must occur to make a fog net proficient: attachment, rundown, and
collection. Attachment occurs at the initial interaction of the droplets and the mesh. Water
collecting on the net is not a condensation processes because the droplets are not a water
vapor but already condensed water, the collection on the mesh is simply the droplets adhering
to the mesh.9 Once the water is attached the droplets combine to form larger droplets on the
surface of the mesh. Eventually the droplets get large enough and break away from the surface
and rundown the surface of the net due to gravity. The rundown is based on surface tension of
the mesh, which is dependent on the material properties. The droplets rundown into a trough or
vessel, which are collected and can then be used as needed.
It is generally accepted that to have an efficient net you want to maximize the amount of
water that attaches to the net. This is because you want to take as much water as possible from
the air. The water, once attached, should detach from the surface of the net and fall into the
trough as soon as possible. The longer the droplet remains on the surface of the mesh the more
opportunity it has to evaporate which is not useful for catching the maximum amount of water.
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3. Design

The exploration station is going through a complete, long-term, renovation process. The
change involves the modification of the front patio area (Figure 5).

Figure 5: The front patio of the Exploration Station where the proposed design will reside

The Station’s long-standing need for a complete STEM experience had been lacking in
the earth science field. The outdoor patio area, in their eyes, is a perfect environment to place
an exhibit that educates children about natural happenings that occur around them. An outdoor
earth science based exhibit is needed to enhance the user experience when visiting the
museum. Using a topic that the user may have already experienced provides and initial interest
in the subject. Possible natural occurrences that would have been viable subject topics for the
area were: earthquakes, elevation changes, ground cover, and fog. These topics were chosen
because community members from that area have seen, or felt each one. The connection
provides context for their interest and learning. Fog was chosen as the main topic of the exhibit
because of the heavy fog Grover Beach often encounters.
The goal of the exhibit is to educate the user on some concept while using the context of
something they already have experienced, in the case of the exhibit, fog. It facilitates the goal
the exhibit must be interactive to engage the children and it must introduce the topic and relate it
to something real. To help achieve both of these aspects a two-part exhibit was designed. The
first part is a replica of the SFC the second an interactive six panel display exhibiting multiple
different styles of mesh.
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3.1. Standard Fog Collector
The first part of the display is directly inspired by the SFC, which is used to test possible
sites for fog harvesting potential. An exact model will be built and installed in the exploration
station front area. The purpose of the SFC is to show users the actual use of a fog net with a
real life example. This net will be static and collect water from the actual fog surrounding Grover
Beach.
The dimensions will be based on the design FogQuest uses (Figure 6). The 1 m x 1m
mesh area will be a double layer of 35% shade polypropylene in a Raschel mesh structure. At
two feet off the ground it will be able to collect fog into a vessel to show users the nets actually
work.

Figure 6: The design for the static SFC as received by FogQuest

Implementation of the SFC will be based on the Exploration Station approval. Because it
is meant to be static it will have to be integrated into the new design of the facility. This is why
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only the design will be submitted; giving the Station freedom to build and place the fog net
where the staff feels it fits best into the design.

3.2. Mobile Display
The primary reason for the exhibit is to introduce the concept that a small changes in a
design can lead to a larger or unexpected change in outcome. It also exists as an interactive
and simple way for the user to understand the basics of how fog nets work.
The exhibit is a six-frame display with six 0.4 by 0.4 meter windows for different mesh
types (Figure 7). Each mesh will have a different material or structure that the children can
assess and observe. Users observe materials or patterns of meshes and test out the different
behaviors using a pressurized sprayer to apply a water mist. They will then choose which mesh
they think will work the best as a mist (or fog) collection system.

Figure 7: The six panel main display consists of six windows of different meshes

The meshes are chosen due to their differences when catching the water droplets. The
children are to make qualitative observations after (and while) the water is applied to the mesh
and then compare the attachment, and rundown. They are then to notice how much water each
mesh collects and qualitatively measure how much water is collected.
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Each mesh has one of four materials and one of three structures. The materials are:
polypropylene, galvanized steel, high density polyethylene, and polyvinylchloride. The structures
are: square, diamond, and Raschel.

4. Testing

To make sure each design worked properly testing for each part took place. Testing
consisted of both indoor and outdoor sessions.

4.1. Standard Fog Collector Display
The mesh for the SFC was hung outside overnight. It was a meter-by-meter area and a
double layer of mesh (identical to what is used in industry). This was a simple test to observe if
water is collected on the net. This will prove that the central coast area is a viable place to place
a test mesh for education purposes.

4.2. Mobile Display
Meshes for the main display were based on the structure and material of the mesh. The
testing is to make sure there is a big enough difference between the reactions of the mesh types
to the water so children can still observe differences in an imperfect setting.

4.2.1. Testing Procedure
The testing to compare collection abilities of the meshes were done on a prototype
frame. The prototype is a two-frame system with separate troughs at the bottom (Figure 8).
Each frame is a full-scale representation of one that would be on the final design. The prototype
is designed to have easy exchange of meshes for testing. Each frame has an equal area of
mesh, which makes the meshes comparable to each other. Two frames at a time is the simplest
way to compare meshes that have a similar characteristic due to being in the exact same
environment.
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Figure 8: Testing prototype with detachable mesh frames

The water is applied via a hand-pressurized sprayer at a distance of about six inches.
400 mL of water is sprayed on the two nets, the sprayer oscillates between the two nets. The
marks on the pressure sprayer make it clear when 400 mL has been reached. After the water is
applied, the trough is removed as immediately as possible, no extra water is allows is drip from
the net. The water in the trough is then poured into a measuring devise and recorded.

4.2.2. Characterization
An important part of the exhibit is the mesh types involved. Characterization of each
mesh is necessary to understanding why the water reacts as it does on the different structure
and materials. Six combinations of structure and material were tested for the main display
(Figure 9), though others could be viable options.
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Figure 9: All mesh types tested. a) steel square b) PP Raschel c) HDPE Rashel d) steel diamond e) PVC
square f) PVC diamond

The three patterns of each mesh are square, diamond, and Raschel. The square mesh
is a simple crosshatch, the diamond is the square mesh rotated 45 degrees. “Active sites” are
the amount of locations two pieces of the material interact with each other, those points are a
common place for the water to coalesce. The surface ratio of net is approximately 40% for the
Raschel meshes.
4.2.3. Data Analysis Technique
The analysis of how the water attached to the net and then released to drop into the
trough were qualitative. Only the final collection amount was measured. Values for how the
droplets attached to the net were observational and comparative. This was found by looking at
how big the water droplets were upon initial interaction with the mesh. The larger the droplets
the more water adhered onto the net. The second qualitative measurement was the rundown.
The rundown was observed by how big the droplets were on the surface when they finally broke
free and fell into the trough. The smaller droplets meant that the water fell quicker and stayed on
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the net a shorter time. Lastly, collection was simply measured quantitatively via volume
measurement of the water collected in the trough after the water was applied.

5. Results

Attachment droplet sizes were found and placed on a relative scale that compares the
droplet sizes from each mesh to each other (Figure 10).

Droplet size at Initial Interaction
PVC (D)
PVC (S)

Steel (D)
Steel (S)

PP (R)

HDPE (R)

Large

Small
Figure 10: Scale for initial droplet size attachment

Sizes of droplets at release were put on a similar scale (Figure 11). This chart was,
again, based on relative sizes of the droplets as compared to other meshes.

Droplet Size at Release

PP (R)

Steel (S)

HDPE (R)

PVC (D)
PVC (D)

Steel (D)
Large

Small

Figure 11: Size of droplets when released into the trough

Collection results were based on a volumetric measurement. Each combination of mesh
structure and material were measured and placed on a graph (Figure 12). The bars represent
how much water was collected from each trough after 200 mL was applied.
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Volumetric Water Collection
60

Volume (mL)

50
40
30
20
10
0

PP (R)

HDPE
(R)

Steel (S) Steel (D) PVC (S) PVC (D)
Material

Figure 12: Amount of water collected via volumetric measurement when 200 mL of water was applied

Efficiencies of each mesh were calculated using the amount of water collected over
amount of water applied (Table II). This gives a ratio for how efficient the net was when applying
200 mL to it. According to the table, however, none of the mesh would be considered
significantly efficient.
Table I: Efficiency of each mesh
Mesh Type

Efficiency (%)

PP (R)

26

HDPE (R)

25

Steel (S)

24

Steel (D)

20

PVC (S)

21.5

PVC (D)

19.5

6. Discussion
Each result tells something different about the mesh types, and everything learned about
the meshes can be transformed into a learning opportunity for the users of the final exhibit.
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6.1 Attachment
The greater the droplet size at initial interaction, the more water is collected on the mesh
at one time.
The steel and PVC mesh (both square and diamond) had small droplets evenly
dispersed on the surface of the mesh while the Rachel meshes collected larger droplets. This
attachment indicates the water adheres to the Raschel Structure mesh more efficiently at the
initial interaction.

6.2 Rundown
The rundown had more than one contributing factor. The first is how large the water drop
is at the release from the mesh. The larger the drop the longer it has to stay on the face of the
mesh. This leaves the drop open to evaporation, which would lower the overall efficiency of the
water collection. The second is how quickly the drop fell one it was released.
The difference between the square and the diamond was significant and surprising.
When the water started forming larger droplets on the steel meshes it tended to collect on the
earlier explained active sites. On the square structure the drop found a path into the trough via a
single vertical wire while on the diamond the water grouped in a “V” crevasse and clung to two
perpendicular wires (Figure 13). The increase in surface area of the water interacting with the
wires caused the water droplet to build up significantly more before gravity was able to pull it
down into the trough.

Figure 13: Diamond and square steel when water is applied
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The PVC mesh exhibited the same reaction but is was far less pronounced than that of
the steel (Figure 14).

Figure 14: Diamond and square PVC when water is applied, note the locations water groups

The Raschel meshes were similar in the fact that they collected water in the “V” shape
their structure contains. Though the “V” structure in Rashel mesh did not cling to the water like
that of the diamond structure. The differences in material caused the water to bead up and
quickly fall on the PP mesh and adhere more tightly to the surface of the HDPE (Figure 15). The
water applied to the HDPE stayed on the net longer and produced larger droplets before gravity
could pull them down.
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Figure 15: Raschel mesh with water applied, water collects in “V” shapes

6.3 Collection
The results for collection were simple. As expected, the PP Raschel performed the best.
The collection results were different enough that if a child executed the experiment as it was
meant to then they would be about to see a different in results.
The efficiencies of the mesh were low for all the meshes, but how much water was
collected is not as important as seeing a difference in final collection. The observational
differences are as important as the final collection itself. This means that if a child does not do
the experiment as required, they still will be able to see differences in water collection the
changes is the meshes have.

6.4 Testing Impact on User
The meshes chosen in the end are not the important part of the exhibit. The importance
of the different mesh types is to make a single change and analyzes the resulting change in the
outcome. The “answer” of which mesh works best does not matter nearly as much as the
processes and methods one goes though when searching for a solution.
This exhibit allows the user to be involved with the process of experimentation, they are
able to make individual assessments on how they want to approach the problem and possibly
come up with an answer to a real life problem. Consistency is not key in the case of the exhibit.
The user is able to take any approach he or she wants in terms of applying the mist and will still
17

benefit from the observational part of the experiment. It was designed this way so maximum
benefit can be had with minimum consistency. Using the context of fog is a way for the children
to relate what they are learning to something they experience in a real life setting.
Further expansion on the exhibit would be more similar structures. A polypropylene
square and diamond mesh would be appropriate for detecting differences in efficiency of the
Raschel meshes.

7. Conclusions
The intent of the project was to design and earth science exhibit for the exploration
station in Grover Beach. The goal is to educate on a subject though informal learning while
using context of fog to increase interest. When testing the mesh small observations could be
integrated into the learning experience of the user. For example, it was found that the diamond
mesh was not as efficient as the square mesh, this result can open the door to think about
surface tension and how more active sites cause something to adhere more tightly.
As expected the Raschel mesh was the most efficient during testing, this is why the PP
version is so readily used in industry. The diamond patterns gave a lower final collection amount
than their square counterparts. Material selection and structure have an effect on the collection
results. Changing from square to diamond on the steel resulted in an efficiency drop. PVC was
also less efficient when it was changed from square to diamond but not as great as the steel.
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